Augmented Solow Model with Mincerian Schooling and Infrastructure Externalities by Tomasz Brodzicki
ANALIZY I OPRACOWANIA 
 
 
      AUGMENTED SOLOW MODEL WITH MINCERIAN 







Analizy i Opracowania KEIE UG  


















































































 Version 2011- V – B1 
  2 
 
Analizy i Opracowania 
Katedry Ekonomiki Integracji Europejskiej Uniwersytetu Gdańskiego 







prof. dr hab. Anna Zielińska-Głębocka 







Katedra Ekonomiki Integracji Europejskiej 
Wydział Ekonomiczny, Uniwersytet Gdański 
Ul. Armii Krajowej 119/121 
81-824 Sopot 








Prezentowane w ramach serii “Analizy i Opracowania KEIE UG” stanowiska 
merytoryczne wyraŜają osobiste poglądy Autorów i niekoniecznie są zbieŜne z 
oficjalnym stanowiskiem KEIE UG. Version 2011- V – B1 
  3 
Augmented Solow Model with Mincerian Schooling  




According to Crescezni and Rodriguez-Pose (2008) backward European regions should follow 
balanced strategies in which infrastructure development is coordinated with policies aimed at 
developing  human  capital  and  the  innovative  potential  of  regions.  In  order  to  asses  their 
postulates  we  extend  the  analysis  of  Carstensen  et  al.  (2009)  further  augmenting  the 
neoclassical  Solow  Model  to  incorporate  both  Mincerian  schooling  externalities  and 
infrastructure externalities in a single theoretical framework. Infrastructure is introduced into the 
model  in  a  manner  similar  to  Hicks-neutral  technological  change  –  potentially  rising  overall 
efficiency of economy. We do not assume ax ante the existence of positive externality. Solving 
the model we obtain a structural equation which is then econometrically tested in order to obtain 
estimates  of  both  education  and  infrastructure  externalities  for  a  group  of  European  states. 
Estimates  for  panel  data  model  bring  interesting  results.  Infrastructure  and  education 
externalities are both postitive and statistically significant. The education externality is however 
significantly  stronger  for  CEE  countries  while  infrastructure  externality  is  not  statistically 
significant for the same group of countries. 
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1 Introduction 
 
In  a  recent  paper  Crescenzi  and  Rodriguez-Pose  (2008)  point  out  in  their  policy 
implications  that  investment  in  infrastructure  has  to  be  efficiently  coordinated  with 
policies aimed at developing human capital and the innovative potential of regions in 
order  to  efficiently  stimulate  regional  development.  This  calls  for  implementation  of 
balanced strategies which could maximize overall effects. This recommendation is of 
particular  importance  for  EU  Member  States  in  Central  and  Eastern  Europe  where 
majority of structural funds is spent on infrastructure projects. 
We use the framework of the augmented Solow model (Mankiw et al. 1992) to derive a 
specification that identifies an education externality and infrastructure externality within a 
single  production  function  framework.  We  extend  the  analysis  of  Carstensen  et  al. 
(2009)  which  focused  on  identifying  the  magnitude  of  macroeconomic  return  from 
education.  
The  role  of  infrastructure  in  economic  growth  has  been  stressed  along  two  main 
dimensions: effects on economic growth and effects on income inequality (Calderon and 
Serven 2004). Most studies identify a positive and robust impact on aggregate output. 
Some studies find that public expenditure on transport and communications fosters long-
term  economic  growth  (e.g.  Easterly  and  Rebelo  1993),  however,  sometimes  the 
inefficiency of infrastructure provision could reverse the impact (Ottaviano 2008). The 
results are more or less inconclusive. At the regional level infrastructure is considered to 
constitute one of key determinants of regional development (Brocker, Rietveld 2009). 
As Straub correctly points out (2008) infrastructure can have an impact on economic 
growth through direct and indirect channels. The direct channel is a pure productivity 
effect – the improvement in infrastructure stock raises the productivity of other factors. 
We have to note that in this case whether productivity-enhancing effect of infrastructure 
will result in a higher steady-state growth rate or not depends on the assumptions made 
on aggregate returns to scale. 
Straub (2008) discusses many potential indirect channels of impact of infrastructure on 
growth including among others maintenance and private capital durability, adjustment 
costs, labor productivity, human capital channel, economies of scale and scope.  
In our approach we account for direct effect only. We can assume the infrastructure to 
have in general impact of efficiency of economic system. Assumption of constant returns 
to scale leads to a situation in which the infrastructure has an impact on the level of 
steady-state income per capita but not on the long-run growth rate. In our model the Version 2011- V – B1 
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growth-rate in the long-run is equal to the growth rate of technology which is Harrod-
neutral or labor-augmenting. 
At the same time, there is a strong theoretical and empirical support for the positive 
impact of human capital accumulation on economic growth. Modern growth theory puts 
lots of emphasis on the role of human capital accumulation in explaining the observed 
variation in economic development levels – this applies both to augmented neoclassical 
growth models (eg. Mankiw et al. 1992) as well as one – and multi-sector endogenous 
growth models (eg. Lucas 1988). 
In  our  model  we  introduce  the  so-called  Mincerian  approach  to  human  capital 
accumulation. The approach due to Mincer (1974) gives a wage equation where the 
logarithm of hourly earnings is explained by schooling years, labor-market experience, 
and experience squared.
1  
We expect the impact of infrastructure as well as human capital accumulation on the 
level of real income per capita to be positive and statistically significant both for more 
advanced market economies of Western Europe as well as less developed economies 
of  Central  and  Eastern  Europe.  We  expect,  however,  the  returns  to  investment  in 
infrastructure and human capital accumulation to be higher for CEE at least for the time 
being.  
The remainder of this paper is organized as follows. Section 2 presents the theoretical 
model. The empirical model based on structural equation is presented and the data are 
developed and described in Section 3. Empirical results are presented and discussed in 
Section 4. Final section concludes and discusses some important research and policy 
implications. 
 
2.  Theoretical model 
We start with a simple Cobb–Douglas production function with physical capital K and 
labor L as the two basic inputs. We assume the labor input to be conditioned for the 
average level of education. In order to simplify the notation we drop the notation i for 
countries henceforth. 
[1] ( )
a a g - =
1 L B K I Y  
                                            
1  The  Mincerian  approach  is  criticized  among  others  by  Aghion  and  Howitt  (2009)  for  assuming  perfectly 
competitive labor markets, ignoring the selection effects of schools and ignoring potential knowledge spillovers. Version 2011- V – B1 
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where Y is the aggregate output of country/region, B an index of the level of technology 
that  is  exogenous  to  individual  firms  within  countries,  I  is  an  index  of  the  quality  of 
infrastructure that is also exogenous to individual firm, K the stock of aggregate physical 
capital,  h  the  average  level  of  education,  and  L  the  labor  force.  The  impact  of 
infrastructure externality could be positive, negative or neutral. Thus we do not set any 
restrictions on parameter γ. The general production function shows constant returns to 
scale as long as we treat infrastructure as exogenous efficiency-adjusting parameter
2. 
Accumulation of human capital through education system generates an externality given 
by the following formula 
[2]
l Ah B =  
where  λ  represents educational externality.  A  shows  country-specific technology that 
grows  exponentially  over  time  at  an  exogenous  rate  g  common  to  all  the 
countries/regions.  Technology  is  labor-augmenting  (of  Harrod-neutral  type).  In  other 
words we allow for heterogeneity of countries along technological sophistication due to 
the initial level of technology as given by A(0).  
[3]  ( )






where g is some positive constant.
 
In accordance with Mincerian tradition the average level of education may be specified 
as a function of average schooling years and average years of experience (Bils, Klenow 
2000). For simplicity we omitted the potential non-linear impact of experience. Thus  
[4] 
AYE AYS e h
c b m
+ =  
where   is a positive constant, AYS is average years of schooling and AYE is average 
years of working experience in a given country/region (i). Parameters β and χ represent 
average individual private returns to schooling and experience respectively. 
If we substitute [2] and [4] into [1], we obtain 
[5] 
a l a g - =
1 ) ( L Ah K I Y  
                                            
2 In the other approach existing in the literature of the subject the stock of infrastructure is treated as just another 
factor of production with pure public good attributes that produces services in a non-rival and non-excludable way. Version 2011- V – B1 
  7 
Dividing both sides by L we obtain 
[6] ( )
a a l a g - -
= L Ah K I y
1
 
where y represents real GDP per capita. 
Following the tradition in neoclassical growth literature let’s define the level of output per 










From [7] we know that the growth rate of income per capita is equal to the growth rate of 
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Dividing [6] by A we obtain income per effective unit of labor 
[10]  ( )
a a l a a g - - - = L h A K I y
1 ~
 
Substituting [8] into [10], it follows that 
[12]  ( ) ( )
( )l a c b a g a l a g m
- + -
= ==
1 1 ~ ~ ~ AYE AYS e k I h k I y  
Taking logs of both sides and rearranging, we obtain the following equation 
[13]  h k I y ln ) 1 (
~
ln ln ~ ln l a a g - + + =  
Adopting the Solowian rule of physical capital accumulation, assuming that a constant 
fraction  of  output  s  is  saved  and  invested  (s>0)  and  a  constant  fraction  of  physical 
capital δ  decays  every  period (δ>0),  it follows  that  increase  in the stock  of physical 
capital is given by Version 2011- V – B1 
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[14] t t K sY K d - = &
 
From the chain rule of differentiation and using [3], [7], [8] we can show that evolution of 
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where n is the exogenous rate of population growth. 
Substituting [12] into [15] we can show that  
[16]  ( ) ( ) d
a l a g + + - =
-
n g k h k sI k
~ ~ ~ 1 &
 
Dividing both sides per k
~
 we obtain the growth rate of income per effective unit of labor 
[17]  ( )
( ) ( ) d
l a a g + + - =






In the steady state the rate of growth of capital per effective unit of labor must be equal 
to zero. Setting [17] to zero we can solve for steady-state level of capital per effective 
unit of labor: 
[18]  ( )
( ) ( ) d
l a a g + + - = =







Rearranging the terms we obtain  
[19]  ( )
( ) ( ) d
l a a g + + =




* we obtain the following relation 
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The steady state level of capital per effective unit of labor similarly to the neoclassical 
growth  model  is  a  function  of  exogenous  parameters  of  a  model  as  well  as  of 
infrastructure index and endowment of human capital.  
We know that steady-state level of capital per efficient unit of labor implies a given level 
of income per effective unit of labor in the steady-state. Plugging [20] into [12] we thus 
obtain  
[21]  ( )





l a a g
d
-










1 1 ~ ~
n g
s
h I h k I y
 
From [7] by analogy we know that the relation between steady-state income per capita 
as well as steady-state level of income per effective unit of labor is given by: 
[22]  A y y
* * = ~
 
Substituting [21] into [22] we obtain the level of income per capita in the long-run steady 
state 
[23] 
( ) ( )
a
a





































































Having solved for the level of real income per capita in the steady-state we know will try 
to identify the rate of growth in the long-run equilibrium. From [17] we know that.  
[25]  ( )
( ) ( ) d
l a a g + + - =
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Taking logs of both sides: 
[26]  ( ) ( ) ( ) d l a a g + + - - + - + + = n g h k I s g
k ln ln 1
~
ln 1 ln ln ln ~  
and differentiating with respect to time we obtain 






1 0 - = - = a a
&
 
Substituting from [17] and knowing that α is positive but smaller than 1, the only rate of 
growth of capital per effective unit of labor in the equilibrium consistent with the steady-
state  criterion  is  exactly  zero.  Thus  income  per  effective  unit  of  labor  grows  in  the 
















However, income per capita in the steady-state grows at a positive rate equal to rate of 
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Similarly to the neoclassical growth model of Solow-Swan the positive rate of growth in 
the long run is feasible as long as the growth rate of the technology is positive. In other 
words, the positive rate of technological progress is a lower-bound of growth. 
 
3 Empirical model and data 
Having solved the structural equation we are able to find an empirical equation. Starting 
from [24] and assuming that . ln const = m l  and assuming differences in technology as 
given by Ai and knowing the average investment rate and population growth rate we can 
show that  Version 2011- V – B1 
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Equation [25] predicts that the coefficient on the investment share equals in absolute 
value the coefficient on labor force growth (conditioned by g and δ). For a typical capital 
share  α  in  income  of  one-third  as  suggested  by  proponents  of  neoclassical  growth 
theory, the size of this coefficient is predicted to be exactly 0.5. We are however not 
going to impose any restrictions on its size. 
Assuming the actual level of GDP per capita to be close to the steady-state level we are 
going to estimate a panel data version of the empirical model with individual effect for 
countries in order to taken into account unobserved country-specific factor and potential 








































  We are not going however to assume fixed effects a priori but in the estimation we are 
going to follow the Hausman test which gives a generally accepted way of choosing 
between fixed (fe) and random effects (re).  
From the estimates of the coefficient on ln(s/(g+n+δ) we will be able to calculate α. We 
expect it to be close to one-third. Knowing α and the coefficient on infrastructure index 
we will be able to calculate the implied value of γ. We expect it to be positive and lay in 
the range of 0 to 10 per cent.  
In  line  with  the  related  empirical  literature  we  assume  a  constant  rate  of  labor-
augmenting technological progress g=0.02 and a constant decay rate of physical capital 
δ=  0.03.  Thus  g  +  δ=0.05.  In  accordance  with  the  theoretical  model  we  allow  for 
difference  in  the  level  of  technological  sophistication  of  countries/regions.  A  large 
number of variables have been suggested in the literature as proxies for international 
differences  in  technology.  As  we  are  dealing  with  continental  sample  the  use  of 
continental dummies is not feasible. We have decided to utilize a measure of institutional Version 2011- V – B1 
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quality instead. This is rule of law index calculated on a yearly basis by World Bank 
(Kaufman et al. 2010). 
We  do  not  adjust  schooling  years  for  differences  in  schooling  quality  which  could 
potentially bias our data. In order to obtain implied macroeconomic return from human 
capital accumulation (λ) similarly to Carsteten et al. (2010) we impose restrictions on 
private returns to schooling β=0.1 and private return on experience χ= 0.03 which are 
based on the results of microeconometric research. In order to obtain average years of 
experience (AYE) we follow Mincer and calculate it as an average age of the cohort 
(ages 15 to 65) minus the average years of schooling and six (presumed age of entry 
into education system). 
The empirical analysis is carried out for a group of 33 European countries (EU-27 as 
well as Iceland, Norway, Switzerland. Croatia, Macedonia and Turkey) within a period 
1999 to 2009. We utilize several data sources. The majority of data comes from Penn 
World Tables Mark 7.0 by Heston et al. (2011). These are supplemented by data on 
human  capital  accumulation  from  the  recent  Barro-Lee  data-set  (Barro-Lee  2010). 
EUROSTAT’s  data  sets  have  been  utilized  in  construction  of  several  infrastructure-
related  variables  as  well  as  calculation  of  average  years  of  experience.  Institutional 
quality data have been taken from World Bank study by Kaufmann D. et al. (2010). 
Infrastructure  index  I  measuring  overall  quality  of  infrastructure  is  based  on  the 
methodology proposed by Careijo et al. (2006). The index of corrected infrastructure 
quality  CIIQ  relativizes  the  infrastructure  endowment  by  taking  into  account  both 
population size and land area and campers it against a benchmark. In the case of the 
present study we treat the EU-27 as our benchmark. This at least to some extent takes 
out the impact of observed heterogeneity in sizes of states/regions. CIIQ is calculated 
according to the following formula: 
[27]








































, where Xr i XEU gives infrastructure endowment of a given region/state and the EU, 
whereas  N  and  S  represents  respectively  population  and  land  area  (in  squared 
kilometers). We  consider  two  types  of  infrastructure  as  key  elements  having a  large 
impact  on  accessibility  and  competitiveness  of  regions  and  states:  motorways  and 
railway  network.  Indices  have  been  calculated  separately  for  both  (IQM  and  IQR 
respectively)  as  well  as  an  overall  index  CIIQ  has  been  calculated  (as  a  simple Version 2011- V – B1 
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arithmetic mean of two aforementioned indices)
3. All variables are presented together 
with their summary statistics in Table 1. 
 
4 Empirical results 
The empirical results are given in Table 2
4. All estimations have been carried out in 
STATA with the use of xtreg command. In choosing between fixed and random effects 
we  used the Hausman test. The  null hypothesis was rejected and thus fixed effects 
where applied. 
Several different specification of the model are tested. Model M1 does not include a 
proxy for infrastructure quality. In models M2 to M4 we investigate different proxies for 
infrastructure quality: focusing on motorways (IQM), railway network (IQR) or including 
an overall index (CIIQ). Our desired specification is given in model M4. In models M5 
and  M6  we  split  the  sample  into CEE  countries  and  non-CEE  countries.  In M7  and 
following specifications we include an additional dummy variable for membership in the 
European Union (EU). In models M7 and M8 we split the sample into CEE countries and 
non-CEE countries once again. 
Overall  our  empirical  model  seems  to  fit  the  reality  pretty  well.  We  obtain  several 
important  and  noteworthy results. First of all, we obtain a statistically significant and 
positive education externality with a magnitude ranging from 1,47 to 1,88. The estimated 
externality is likely to be biased upwardly, however. It is worth to point out nonetheless 
that the macroeconomic education externality is significantly higher for CEE than non-
CEE group of countries – by nearly three times or nearly two times when we include EU 
membership dummy. The inclusion of infrastructure externality does not seem to have 
an impact on the magnitude of the education externality. 
The implied infrastructure externality is positive and close to 3 per cent it is however not 
always statistically significant. It is in particular the case in samples restricted to Central 
and Eastern European Countries only (specifications M5 and M7). Taken at face value, 
this  result  would  suggest  that  CEE  countries  should  subsidize  human  capital 
accumulation to a larger extent – in most cases infrastructure investments co-financed 
from EU cohesion policy funds have become their overriding structural policy objective 
since accession.  
                                            
3 Please refer to Tables 1, 2 and 3 in the Appendix.  
4 The lack of data on education for Macedonia leads to the fall in number of observations in most specifications. Version 2011- V – B1 
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Overall index of infrastructure quality seems to be the desired proxy. It is interesting to 
note that the impact of infrastructure quality based on railway network alone (IQR) is not 
statistically significant (M3). The impact of motorway network seems to be significant 
and noteworthy.  
The coefficient on ln(s/(g+n+δ) is always statistically significant at 1 per cent level and 
close to one-half which implies physical capital shares close to one-third as postulated 
by the neoclassical growth theory.  
Rule of law showing the quality of institutions and serving as our proxy for the level of 
technological sophistication is statistically significant. It’s role is however more important 
for transition economies of Central and Eastern Europe.  
The results seem to be sensitive to inclusion of time-effects (two-way panel). They are 
robust to inclusion of other potential explanatory variables suggested by the literature of 
the subject such as the size of the government (government spending to GDP, kg) or the 
openness ratio (trade to GDP, openk). 
We have to note, however,  one important  caveat  of our results that is they may  be 
biased due to measurement error in key variables. For sure SIIQ is only an imperfect 
measure of infrastructure quality/endowment. Schooling and experience may be at the 
same time imperfect proxies for a true measure of educational capital. More effort is 
required in this field. 
  Version 2011- V – B1 
  15 
 
5 Conclusions 
The aim of the paper was to empirically identify the sign and magnitude of education and 
infrastructure-related  externalities for a  subset  of  European  and  Central  and  Eastern 
European  states.  In  order  to  do  so  we  have  developed  an  augmented  neoclassical 
growth model with Mincerian approach to human capital and infrastructure quality having 
a direct effect on overall productivity of economic system. The solution of the model led 
to a structural equation which after inclusion of stochastic element became our empirical 
model. The panel version of the model has been estimated with fixed effects. The initial 
results are very promising.  
Overall the macroeconomic return to accumulation of human capital through education 
and  experience  is  statistically  significant,  robust  and  positive  with  estimates  of  its 
magnitude similar to other macroeconomic studies. It is worth to point out, however, that 
educational externality is significantly larger for CEE group of countries.  
The infrastructure externality is positive with magnitude close to 3 per cent. The impact 
of infrastructure externality is however not statistically significant for Central and Eastern 
European  countries.  Taken  at  a  face  value,  this  result  could  have  significant  policy 
implications.  Overriding  priority  should  be  given  to  fostering  further  accumulation  of 
human  capital  over  investments  into  communication  infrastructure  that  have  been 
recently emphasized in most of the countries. 
We see several limitations of our analysis. First of all more microeconometric research is 
necessary  in  the  area  of  private  returns  from  education  in  transition  economies. 
Secondly, our theoretical model should incorporate both direct and indirect effects of 
infrastructure on economic growth. There are however limits to its capacity. We strongly 
agree  with  Straube  (2008)  that  modern  models  of  new  economic  geography  could 
outperform  economic  growth  models  in  this  respect  as  they  allow  for  agglomeration 
effects,  non-linear  impact  of  infrastructure,  the  role  of  sequencing  and  infrastructure 
types  (inter  and  intraregional)
5.  Last  but  not  least,  there  could  be  a  significant 
measurement error in key variables which could bias the estimates. 
We see several potential extensions of our analysis. First of all, more effort has to be 
given  to  construct  better  indices  of  infrastructure  quality  including  various  types  of 
infrastructure for instance key for knowledge-based economy highly dependent on ICT 
infrastructure. Secondly, the robustness of our results should be further tested. Thirdly, 
                                            
5 Several interesting models are for instance presented in an acclaimed book by Baldwin et al. (2003). Version 2011- V – B1 
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our analysis should be carried out at regional (NUTS2) level which would force us to 
include agglomeration effects. A recent empirical paper by Resende (2009) for Brazil 
taking into account the existence of MAUP seems to be the right way forward. In this 
framework  we  could  include  spatial  weighting  matrices  to  test  potential  spatial 
autocorrelation between bordering regions within spatial lag models and estimated with 
spatial econometric techniques. Last but not least other potential theoretical frameworks 
could be utilized including dynamic NEG models. 
 Version 2011- V – B1 
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Table 1 Summary statistics 
Variable  Data source  Obs.  Mean  Std. Dev.  Min  Max 
lny  PWT 7.0  363  9,991  0,580  8,675  11,406 
βAYSS+χAYE 
Based on BL 
2010 with 
restrictions 
384  1,674  0,114  1,199  1,985 
rol  Kaufman 2010  363  1,081  0,676  -0,634  1,964 
iqm  EUROSTAT  363  1,099  1,227  0,000  6,741 
iqr  EUROSTAT  363  0,978  0,892  0,000  5,195 
ciiq  EUROSTAT  363  1,039  0,896  0,000  5,222 
lnz  PWT 7.0  363  1,436  0,209  0,894  2,016 
kg  PWT 7.0  363  9,448  2,374  4,750  16,682 
openk  PWT 7.0  363  101,500  47,918  35,813  324,310 
eu  -  363  0,636  0,482  0,000  1,000 
cee  -  363  0,303  0,460  0,000  1,000 
Source: STATA. 
 
Sample of countries 
Our  sample  is  determined  by  data  availability  and  includes  33  European  countries.  These 
countries  are:  Austria,  Belgium,  Bulgaria,  Croatia,  Cyprus,  the  Czech  Republic,  Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Macedonia, Malta, the Netherlands, Norway, Poland, Portugal, Romania, Slovakia, 
Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom. 
.Version 2011- V – B1 
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Table 2 Estimation results for alternative model structures and samples 
  M1  M2  M3  M4  M5  
(CEE) 
M6  




5.838  5.810  5.837  5.798  1.960  7.798  6.603  4.441  7.258 
CONST 
(28.93)***  (28.95)***  (28.37)***  (28.83)***  (4.30)***  (28.83)***  (36.88)***  (8.18)***  (35.00)*** 
  0.023               
IQM 
  (2.38)***               
    0.001             
IQR 
    (0.01)             
      0.045  0.141  0.041  0.048  0.068  0.045 
CIIQ 
      (2.35)**  (1.16)  (2.52)**  (3.05)***  (0.67)  (2.90)** 
0.201  0.200  0.201  0.198  0.204  0.101  0.112  0.181  0.065 
ROL 
(4.67)***  (4.67)***  (4.62)***  (4.62)***  (3.10)***  (2.15)**  (3.10)***  (3.26)***  (1.40) 
1.878  1.876  1.878  1.874  3.883  1.383  1.469  2.460  1.338 
βAYSS+χAYE 
(15.22)***  (15.31)***  (15.17)***  (15.29)***  (13.63)***  (12.30)***  (13.77)***  (7.60)***  (12.14)*** 
0.589  0.593  0.589  0.591  0.487  0.363  0.494  0.437  0.426 
ln(s/(g+n+δ) 
(13.42)***  (13.60)***  (13.21)***  (13.55)***  (8.20)***  (5.83)***  (13.38)***  (8.68)***  (6.76)*** 
            0.150  0.120  0.099 
EU 
            (12.13)***  (6.45)***  (3.61*** 
No of obs  352  352  352  352  110  242  352  110  242 
N  32  32  32  32  10  22  32  10  22 
R
2  0.658  0.664  0.658  0.664  0.863  0.482  0.771  0.904  0.512 
F-test  204.01  156.66  152.53  156.58  151.65  50.39  212.62  180.86  45.17 
Panel  fixed  fixed  fixed  fixed  fixed  fixed  fixed  fixed  fixed 
Time-effects  no  no  no  no  no  no  no  no  no 
Implied α  0.371  0.372  0.371  0.371  0.328  0.266  0.331  0.304  0.299 
Implied λ  1.878  1.876  1.878  1.874  3.883  1.383  1.469  2.460  1.338 
Implied γ    0.014  0.000  0.028  0.095  0.030  0.032  0.047  0.032 
Source: Estimation carried out in STATA. (xtreg). Value of t-statistic in brackets. Significant at *** - 1 per cent. ** - 5 per cent. * - 10 per cent       
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Appendix 
Table 3 SCII – Motorways 
Country  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009 
Belgium  2.66  2.60  2.56  2.53  2.49  2.43  2.40  2.14  2.11  2.05  2.02  2.00 
Bulgaria  0.29  0.29  0.29  0.28  0.28  0.28  0.28  0.25  0.29  0.30  0.30  0.30 
Czech Republic  0.49  0.48  0.47  0.47  0.47  0.46  0.47  0.43  0.48  0.48  0.50  0.52 
Denmark  0.56  0.56  0.58  0.58  0.59  0.58  0.56  0.50  0.52  0.53  0.53  0.52 
Germany  5.36  5.25  5.24  5.14  5.16  5.05  5.00  4.54  4.50  4.43  4.38  4.43 
Estonia  0.26  0.30  0.32  0.31  0.32  0.32  0.31  0.28  0.28  0.26  0.28  0.27 
Ireland  0.18  0.17  0.17  0.20  0.19  0.26  0.28  0.32  0.31  0.32  0.32  0.31 
Greece  0.26  0.26  0.45  0.51  0.50  0.58  0.56  0.50  0.49  0.48  0.47  0.47 
Spain  1.63  1.70  1.69  1.74  1.73  1.77  1.80  1.69  1.74  1.82  1.84  1.82 
France  1.33  1.34  1.33  1.33  1.32  1.31  1.29  1.19  1.16  1.14  1.12  1.12 
Italy  1.38  1.34  1.32  1.28  1.26  1.23  1.21  1.08  1.05  1.03  1.02  1.01 
Cyprus  2.27  2.33  2.53  2.63  2.68  2.61  2.52  2.29  2.07  2.01  1.96  1.95 
Latvia  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 
Lithuania  0.77  0.74  0.73  0.72  0.71  0.69  0.68  0.61  0.44  0.44  0.43  0.43 
Luxembourg  3.05  2.96  2.87  2.80  3.00  3.41  3.30  2.74  2.86  2.77  2.71  2.68 
Hungary  0.40  0.39  0.39  0.38  0.44  0.44  0.45  0.45  0.55  0.59  0.58  0.58 
Malta  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 
Netherlands  2.43  2.43  2.35  2.30  2.25  2.23  2.21  6.74  6.70  6.63  6.68  6.64 
Austria  1.74  1.71  1.68  1.65  1.62  1.60  1.57  1.40  1.36  1.35  1.33  1.32 
Poland  0.07  0.08  0.09  0.09  0.09  0.09  0.12  0.11  0.13  0.13  0.14  0.16 
Portugal  1.14  1.28  1.29  1.40  1.52  1.63  1.73  1.66  1.75  1.75  1.73  1.72 
Romania  0.04  0.04  0.04  0.04  0.04  0.06  0.08  0.07  0.07  0.08  0.08  0.09 
Slovenia  1.63  1.71  1.79  1.78  1.83  1.88  1.86  1.96  1.94  1.90  2.25  2.39 
Slovakia  0.50  0.49  0.48  0.47  0.47  0.48  0.48  0.44  0.43  0.47  0.49  0.49 
Finland  0.32  0.33  0.35  0.37  0.37  0.39  0.38  0.36  0.36  0.35  0.36  0.37 
Sweden  0.64  0.64  0.64  0.63  0.63  0.63  0.65  0.58  0.59  0.60  0.60  0.60 
United Kingdom  0.83  0.81  0.80  0.78  0.77  0.75  0.74  0.66  0.65  0.63  0.62  0.62 
Iceland  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.04  0.04  0.04  0.04  0.04 
Norway  0.09  0.09  0.10  0.10  0.12  0.12  0.12  0.15  0.15  0.13  0.13  0.18 
Switzerland  2.05  2.00  1.97  1.97  1.98  1.94  1.88  1.70  1.66  1.64  1.61  1.59 
Croatia  0.58  0.65  0.69  0.70  0.73  0.87  1.15  1.09  1.18  1.27  1.36  1.42 
Macedonia  0.56  0.55  0.54  0.53  0.74  0.73  0.71  0.66  0.64  0.64  0.68  0.72 
Turkey  1.22  1.19  1.12  1.10  1.09  1.08  1.00  0.89  0.99  0.99  0.97  1.02 
Source: Own calculations based on EUROSTAT and others. 
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Table 4 SCII – Railways 
Country  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009 
Belgium  1.41  1.43  1.42  1.44  1.47  1.47  1.50  1.49  1.47  1.44  1.51  1.50 
Bulgaria  0.87  0.88  0.89  0.89  0.90  0.90  0.90  0.88  0.89  0.89  0.88  0.88 
Czech Republic  2.39  2.46  2.38  2.41  2.43  2.41  2.39  2.43  2.41  2.41  2.38  2.37 
Denmark  0.30  0.26  0.26  0.26  0.27  0.27  0.26  0.26  0.26  0.26  0.21  0.21 
Germany  5.34  5.19  5.17  5.08  4.97  4.99  5.06  5.06  5.12  5.14  5.13  5.15 
Estonia  0.89  0.90  0.80  0.82  0.85  0.88  0.88  1.00  1.54  1.25  1.21  1.23 
Ireland  0.48  0.49  0.49  0.49  0.49  0.48  0.49  0.48  0.48  0.46  0.45  0.45 
Greece  0.25  0.25  0.30  0.30  0.30  0.31  0.32  0.35  0.34  0.35  0.34  0.34 
Spain  0.35  0.36  0.35  0.36  0.36  0.37  0.37  0.37  0.38  0.39  0.44  0.44 
France  1.02  1.04  1.03  1.04  1.04  1.04  1.05  1.05  1.06  1.07  1.07  1.07 
Italy  0.69  0.70  0.69  0.71  0.71  0.71  0.72  0.74  0.75  0.76  0.77  0.77 
Cyprus  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 
Latvia  0.88  0.89  0.87  0.87  0.88  0.88  0.90  0.90  0.92  0.92  0.92  0.79 
Lithuania  0.70  0.68  0.68  0.62  0.62  0.62  0.62  0.63  0.63  0.64  0.64  0.64 
Luxembourg  1.06  1.07  1.06  1.07  1.07  1.07  1.08  1.08  1.08  1.07  1.06  1.06 
Hungary  1.68  1.70  1.70  1.72  1.73  1.74  1.77  1.78  1.34  1.31  1.31  1.31 
Malta  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 
Netherlands  0.45  0.45  0.45  0.45  0.45  0.46  0.46  0.46  0.46  0.47  0.48  0.48 
Austria  0.89  0.89  0.88  0.96  0.91  0.91  0.92  0.93  0.94  0.94  0.93  0.93 
Poland  1.67  1.62  1.57  1.52  1.56  1.53  1.51  1.52  1.54  1.54  1.51  1.52 
Portugal  0.43  0.48  0.48  0.38  0.38  0.38  0.39  0.39  0.39  0.39  0.39  0.39 
Romania  1.24  1.26  1.25  1.27  1.29  1.30  1.26  1.26  1.25  1.25  1.25  1.24 
Slovenia  1.41  1.40  1.40  1.44  1.44  1.45  1.47  1.47  1.49  1.49  1.49  1.48 
Slovakia  0.92  0.93  0.92  0.94  0.94  0.95  0.96  0.96  0.97  0.97  0.96  0.96 
Finland  0.85  0.85  0.85  0.87  0.87  0.87  0.87  0.87  0.91  0.90  0.90  0.90 
Sweden  0.74  0.76  0.99  1.02  1.03  1.03  1.04  1.04  1.05  1.05  1.04  1.05 
United Kingdom  1.17  1.20  1.19  1.20  1.20  1.20  1.16  1.11  1.11  1.11  1.10  1.10 
Iceland  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 
Norway  0.44  0.44  0.48  0.48  0.47  0.47  0.48  0.48  0.48  0.49  0.48  0.48 
Switzerland  0.71  0.72  0.72  0.73  0.73  0.73  0.73  0.74  0.74  0.74  0.74  0.73 
Croatia  1.03  1.04  1.05  1.07  1.06  1.08  1.10  1.11  1.12  1.12  1.12  1.12 
Macedonia  0.53  0.53  0.53  0.54  0.54  0.54  0.55  0.55  0.56  0.56  0.56  0.56 
Turkey  1.08  1.14  1.09  1.10  1.10  1.09  1.10  1.10  1.11  1.13  1.12  1.16 
Source: Own calculations based on EUROSTAT and others. Version 2011- V – B1 
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Table 5 SCII – Overall index 
Country  1998  1999  2000  2001  2002  2003  2004  2005  2006  2007  2008  2009 
Belgium  2.03  2.01  1.99  1.99  1.98  1.95  1.95  1.81  1.79  1.75  1.76  1.75 
Bulgaria  0.58  0.59  0.59  0.58  0.59  0.59  0.59  0.56  0.59  0.59  0.59  0.59 
Czech Republic  1.44  1.47  1.42  1.44  1.45  1.43  1.43  1.43  1.44  1.44  1.44  1.44 
Denmark  0.43  0.41  0.42  0.42  0.43  0.42  0.41  0.38  0.39  0.39  0.37  0.37 
Germany  5.35  5.22  5.21  5.11  5.07  5.02  5.03  4.80  4.81  4.78  4.76  4.79 
Estonia  0.58  0.60  0.56  0.57  0.59  0.60  0.59  0.64  0.91  0.75  0.75  0.75 
Ireland  0.33  0.33  0.33  0.34  0.34  0.37  0.38  0.40  0.40  0.39  0.38  0.38 
Greece  0.26  0.25  0.37  0.40  0.40  0.44  0.44  0.42  0.41  0.41  0.41  0.41 
Spain  0.99  1.03  1.02  1.05  1.04  1.07  1.09  1.03  1.06  1.10  1.14  1.13 
France  1.18  1.19  1.18  1.19  1.18  1.18  1.17  1.12  1.11  1.11  1.10  1.09 
Italy  1.04  1.02  1.01  1.00  0.99  0.97  0.96  0.91  0.90  0.89  0.89  0.89 
Cyprus  1.13  1.16  1.26  1.31  1.34  1.30  1.26  1.15  1.03  1.00  0.98  0.97 
Latvia  0.44  0.45  0.43  0.44  0.44  0.44  0.45  0.45  0.46  0.46  0.46  0.40 
Lithuania  0.73  0.71  0.71  0.67  0.66  0.65  0.65  0.62  0.54  0.54  0.53  0.53 
Luxembourg  2.06  2.02  1.96  1.94  2.04  2.24  2.19  1.91  1.97  1.92  1.89  1.87 
Hungary  1.04  1.05  1.04  1.05  1.09  1.09  1.11  1.12  0.95  0.95  0.94  0.94 
Malta  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.00 
Netherlands  1.44  1.44  1.40  1.38  1.35  1.34  1.33  3.60  3.58  3.55  3.58  3.56 
Austria  1.31  1.30  1.28  1.30  1.26  1.26  1.25  1.16  1.15  1.14  1.13  1.12 
Poland  0.87  0.85  0.83  0.81  0.83  0.81  0.82  0.82  0.83  0.84  0.83  0.84 
Portugal  0.79  0.88  0.88  0.89  0.95  1.00  1.06  1.03  1.07  1.07  1.06  1.06 
Romania  0.64  0.65  0.65  0.66  0.67  0.68  0.67  0.67  0.66  0.67  0.66  0.67 
Slovenia  1.52  1.56  1.59  1.61  1.64  1.66  1.66  1.71  1.72  1.69  1.87  1.94 
Slovakia  0.71  0.71  0.70  0.71  0.71  0.71  0.72  0.70  0.70  0.72  0.73  0.73 
Finland  0.58  0.59  0.60  0.62  0.62  0.63  0.63  0.62  0.63  0.63  0.63  0.64 
Sweden  0.69  0.70  0.82  0.82  0.83  0.83  0.85  0.81  0.82  0.82  0.82  0.82 
United Kingdom  1.00  1.01  0.99  0.99  0.98  0.98  0.95  0.88  0.88  0.87  0.86  0.86 
Iceland  0.00  0.00  0.00  0.00  0.00  0.00  0.00  0.02  0.02  0.02  0.02  0.02 
Norway  0.27  0.26  0.29  0.29  0.29  0.30  0.30  0.31  0.32  0.31  0.31  0.33 
Switzerland  1.38  1.36  1.34  1.35  1.35  1.34  1.31  1.22  1.20  1.19  1.17  1.16 
Croatia  0.80  0.85  0.87  0.89  0.90  0.98  1.12  1.10  1.15  1.19  1.24  1.27 
Macedonia  0.55  0.54  0.53  0.53  0.64  0.63  0.63  0.60  0.60  0.60  0.62  0.64 
Turkey  1.15  1.16  1.11  1.10  1.09  1.09  1.05  0.99  1.05  1.06  1.05  1.09 
Source: Own calculations based on EUROSTAT and others. 
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